Polymyxin B (PXB) and the cecropin A-melittin hybrid CA(1-8)M(1-18) (KWKLFKKIGIGAVLKVLTTG LPALIS-NH 2 ) were compared for antibiotic activity on reference and multiresistant Acinetobacter baumannii strains. Significant differences for both peptides were observed on their inner membrane interaction and inhibition by environmental factors, supporting the use of CA(1-8)M(1-18) as a potential alternative to PXB against Acinetobacter.
Fatty acid-acylated polymyxins are among the most active antibiotics against gram-negative bacteria (5) . Although not completely unveiled, the mechanism of action of these cyclic cationic peptides is based on self-promoted uptake through interaction with lipopolysaccharide (LPS), disorganization of the outer membrane, and further binding to the inner membrane, whose permeation is not required. (4) .
Polymyxin B (PXB) was the only drug universally active against nosocomial multiresistant strains from the opportunistic pathogen Acinetobacter baumannii (2) . A recent description of a PXB-resistant isolate raised clinical concern (C. Urban, N. Mariano, J. J. Rahal, E. Tay, C. Ponio, T. Koprivnjak, and J. Weiss, Letter, Antimicrob. Agents Chemother. 45:994-995, 2001 ). Nevertheless, this strain was susceptible to peptides such as cecropin P 1 and rBPI 21 , supporting eukaryotic antibiotic peptides as alternative drugs for use against Acinetobacter. In tune with this, we have compared the antibiotic activity of PXB with that of the cecropin A-melittin hybrid CA(1-8)M(1-18) (KWKLFKKIGIGAVLKVLTTGLPALIS-NH 2 ), for which strong bactericidal (17) and antiendotoxic activities (8) , but no animal cytotoxicity (6, 8) , have been reported. CA(1-8)M(1-18) is active against other members of the family Enterobacteriaceae in vitro (8, 9, 19) and has been tested successfully on a set of A. baumannii nosocomial isolates with different antibiotic resistance patterns (1) .
Because it had a broad multiresistance pattern, the nosocomial Acinetobacter baumannii isolate Ac157 was chosen from a panel of 17 nosocomial isolates from the Microbiology Department (Hospital de la Princesa, Madrid, Spain) and tested against ticarcillin, cefotaxime, imipenem, tobramycin, amikacin, ofloxacin, and doxycycline (1). This strain was resistant to the complete panel, except for showing intermediate resistance to tobramycin as defined in reference 12. CA(1-8)M(1-18) was synthesized by solid-phase methods (3), purified by reversephase chromatography, and satisfactorily characterized by high-performance liquid chromatography, amino acid analysis, and matrix-assisted laser desorption ionization-time of flight mass spectrometry. Reagents were purchased from Sigma (St. Louis, Mo.), and fluorescence dyes were obtained from Molecular Probes (Leiden, Holland).
MICs were assayed at 5 ϫ 10 5 CFU/ml on Mueller-Hinton (MH) broth at 37°C on polypropylene microwell plates by twofold serial dilution of the peptides (8.0 to 0.012 M). MICs for the reference strain were 2.0 and 1.0 M for CA(1-8)M(1-18) and PXB, respectively, whereas those for Ac157 were 2.0 to 4.0 and 1.0 to 2.0 M. These MICs were in the same range as those determined with the previously assayed (1) panel of A. baumannii nosocomial multiresistant (to one to six drugs) strains. All strains were susceptible to colistin and to CA(1-8)M(1-18)-in this case, with MICs between 2 and 4 Mexcept for one strain for which the MIC was 8 M (1). No correlation was found among MICs and the class or number of drugs to which they were resistant (1), in agreement with the results obtained for the same peptide on other bacterial species with multiresistance to standard antibiotics. Unless otherwise stated, only data for strain Ac157 are shown, because differences from the reference strain were not significant (P Ͼ 0.1).
Determinations of parameters involving peptide-pathogen interaction were made at 10 7 CFU/ml, the same used for the membrane perturbation assays. Bacteria were resuspended in Hanks medium plus 20 mM glucose (HanksϩGlc) and incubated with the peptide alone or with the corresponding reagent for 30 min at 37°C. Afterwards 10-l aliquots were transferred into a 96-well microplate containing 100 l of MH broth, and MICs were determined by the checkerboard method by twofold dilution. At this concentration, killing curves showed a fast killing kinetics, with a reduction of 4 log orders for CA(1-8)M(1-18) and PXB after 5 or 15 min, respectively.
Although CA(1-8)M(1-18) and PXB showed identical increases in their MICs in the presence of divalent cations (or, conversely, enhanced activity in the presence of EDTA), PXB was more susceptible to changes in salinity (Table 1 ). In con-trast, the activity of CA(1-8)M(1-18) was much more susceptible than that of PXB to inhibition by polyanions. A possible explanation is that a flexible, linear peptide such as CA(1-8)M(1-18) has a broader repertoire of potential polyanionbinding conformations than the more rigid PXB. Interestingly, CA(1-8)M(1-18) retains more activity than PXB on depolarized and/or metabolically quiescent Acinetobacter cells, like those in the stationary phase or biofilms (6) .
Outer membrane sensitization to detergents (16) by both peptides was demonstrated by the fact that all MICs were decreased to 0.25 M in the presence of 0.05% Triton X-100. Interaction with LPS was confirmed by peptide displacement of dansyl polymyxin (DPXB) bound to purified A. baumannii LPS (18) or to isolated cells (10, 14) . The 50% maximal displacements (I 50 ) of DPXB by CA(1-8)M(1-18) were 1.6 and 4.1 M on LPS and bacterial cells, respectively, and 1.3 and 5.5 M for PXB. The values are in the same range as those reported for Pseudomonas aeruginosa (13) .
Furthermore, permeation of inner membrane was compared by two complementary approaches: (i) membrane depolarization, monitored by the increase in fluorescence of Disc 3 (5) (3, 3-dipropylthiadicarbocyanine iodide) (19) , and (ii) influx of the membrane-impermeable probe SYTOX into the cytoplasm. Both assays were performed at 10 7 CFU/ml with a Hitachi F2000 spectrofluorometer. EDTA (10 mM) was included to allow Disc 3 (5) free access to the inner membrane. CA(1-18)M(1-18) caused a higher and faster permeabilization than PXB in both systems ( Fig. 1 and 2) , with a good correlation with bacterial killing, as reported for Escherichia coli (19) . This was not the case for PXB, which permeabilized the membrane only at concentrations higher than the MIC (4). This fact reflects divergences in the respective lethal mechanisms, although both peptides share a self-promoted uptake when crossing the outer membrane (10, 13).
Unexpectedly, PXB at sublethal concentrations inhibited the oxygen consumption rate (measured in a Clark electrode) of Acinetobacter (10 8 CFU/ml in HanksϩGlc) ( Table 2) , as expected for an inner membrane permeabilization process. A similar inhibition of respiration of Enterobacteriaceae by immobilized PXB has been described, suggesting that a mechanism other than pure membrane permeabilization is involved (9) .
Only CA(1-8)M(1-18) produced a concentration-dependent increase in DPH (1,6-diphenyl-1,3,5-hexatriene) fluorescence anisotropy (0.7 M; 10 7 CFU/ml in HanksϩGlc, 37°C), measured with a Fluorolog-3 spectrofluorometer (Longjumeau, France) (11) (Fig. 3) . This parameter is inversely related to membrane fluidity, evidencing interaction of CA (1-8) a Unless otherwise stated, bacteria were preincubated with the corresponding agent for 15 min prior to peptide addition.
b Peptide and the corresponding agent were preincubated for 15 min before being added to the bacterial suspension. CCCP, carbonyl cyanide m-chlorophenylhydrazone.
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on October 29, 2017 by guest http://aac.asm.org/ but not PXB, with the hydrophobic core of the membrane, in agreement with the small increase in surface pressure of phospholipid monolayers after PXB penetration (20) . Thus, CA(1-8)M(1-18) constitutes a good alternative to PXB against Acinetobacter, because it is active on depolarized bacteria and lacks cytotoxicity on animal models (14) . Furthermore, its microbicidal activity is faster than that of PXB. Although both peptides share self-promoted uptake, this does not imply parallel mechanisms of resistance. This agrees with such findings as the PXB resistance of certain E. coli and A. baumannii strains being overcome by cecropin B (15) and cecropin P1 (Urban et al., Letter), respectively, and supports a possible use of CA(1-8)M(1-18) and other membrane-active antibiotic peptides as alternatives to the predictable appearance of PXB resistance. On the downside, further research is required to unravel the systemic pharmacology of these peptides. This may in turn result in unexpected rewards. For instance, combination therapy based on synergy among CA(1-8)M(1-18) and antibiotic peptides with nonoverlapping targets, such as buforin II (7), is an unexplored possibility that deserves further attention. 
